A method for estimating the ACE inhibitory activity was developed by Cushman and Chenung in 1971 8 by using hippuryl-L-histidyl-L-leucine as a substrate, based on the fact that it corresponds to the carboxy terminus of angiotensin I. The hydrolysis product (hippuric acid) was determined by a spectrophotometric assay. Capillary electrophoresis (CE) has been applied to separate the components from many different compounds. 9 In 1984, Terabe et al. developed micellar electrokinetic chromatography (MEKC), a hybrid of chromatography and electrophoresis. 10, 11 Besides neutral species, mixtures of charged and neutral compounds can also be separated by MEKC. Although there are a few reports 12 on the assay of the ACE inhibitory activity by high-performance liquid chromatography (HPLC), there is no assay report on this by using MEKC. This paper describes a novel method for the assay of hippuric acid produced by the reaction of ACE, which was developed based on MEKC.
Experimental

Materials and reagents
The angiotensin-I converting enzyme (ACE) and captopril were obtained from Sigma (St. Louis, MO, USA). HippurylHis-Leu-OH (HHL) from Bachem Feinchemikalien AG (Bubendort, Switzerland) was used as a substrate. All other chemicals and solvents were of analytical reagent grade, supplied by Wako (Osaka, Japan). Pure water was prepared by purifying distilled water with a Milli-Q SP system (Millipore, Bedford, MA, USA) prior to use.
Apparatus
CE analysis was performed by using photodiode array detection with a BioFocus 3000 CE system with a pre-packed cartridge (Bio-Rad, Richmond, CA, USA). An uncoated fusedsilica capillary of 50 µm i.d. and a total length of 24 cm (19.4 cm to the detector) from Polymicro Technologies (Phoenix, AZ, USA) was employed. UV spectra were measured with a DU 640 spectrophotometer (Beckman Coulter, Fullerton, CA, USA).
Measurement of ACE inhibitory activity by conventional method
The conventional ACE inhibitory activity was assayed by a method of Cushman A micellar electrokinetic chromatography (MEKC) method was developed for estimating the angiotensin-I converting enzyme (ACE) inhibitory activity by separating the hippuric acid liberated in the ACE reaction mixture in the presence of an inhibitor, captopril. The hippuric acid was successfully separated and detected by MEKC with a 25 mM sodium dodecyl sulfate solution in a 25 mM phosphate-50 mM borate buffer at pH 7.0; the total analysis took about 5 min. A good linear relationship was observed between the inhibitor and the peak area of hippuric acid release. No significant difference in the ACE inhibitory activity (IC50) of captopril (an antihypertensive medicine) or autolyzed-mushrooms (functional foods) was observed between the conventional method and the MEKC method. The MEKC method was found to be a useful technique for a rapid assay of the ACE inhibitory activity.
adding of 20 µl of an ACE solution in distilled water (100 mU/ml), and the mixture was incubated for 30 min at 37˚C. The reaction was stopped by the addition of 250 µl of 1 M HCl. The hippuric acid liberated by the ACE reaction was extracted with 1.7 ml ethyl acetate, and the solvent was removed by vacuum evaporation. The content was dissolved by the addition of 1 ml of distilled water and its UV spectra density at 228 nm was measured. The extent of inhibition was calculated as follows:
where A is the UV spectra density in the presence of ACE and captopril, B the UV spectra density without captopril, and C the UV spectra density without ACE.
Inhibition was expressed as the concentration of the component that inhibits 50% of the ACE activity (IC50); 1 unit of ACE inhibitory activity was expressed as the potency showing 50% ACE inhibition under these conditions.
ACE inhibitory activity on the basis of MEKC
In this case, the ACE reaction was performed according to the conventional method described above, but hippuric acid liberated was measured by the MEKC method. After termination of the ACE reaction, the sample was filtered and applied to MEKC. A 25 mM phosphate-50 mM borate buffer containing 25 mM sodium dodecyl sulfate (SDS) at pH 7.0 was used for MEKC. A potential of 15 kV was applied, and the capillary temperature was set at 20˚C. Detection was performed by measuring the absorbance at 230 nm. The sample was injected at a pressure of 350 mbar for 1.0 s. The capillary was rinsed with a 1 M NaOH solution for 60 s, and then with distilled water for 60 s before each run.
Results and Discussion
An analysis of the hippuric acid released in the in-vitro reaction of ACE by the MEKC system was attempted. A phosphateborate buffer containing SDS was successfully used for separating hippuric acid in the ACE reaction mixture in the presence of an inhibitor, captopril. In order to determine the reproducibility of the method, hippuric acid was repeatedly estimated fifteen times. No significant differences in the separation pattern and migration time were observed among repeated runs for hippuric acid.
As shown in the electropherogram (Fig. 1) , hippuric acid appeared at 3.4 min, and the total analysis took about 5 min. There were some other peaks, which appeared beyond 5 min (not shown in the electropherogram), and hence were of little effect in detecting hippuric acid under the experimental conditions. A calibration curve obtained for ten sets of ACE inhibitory activities of captopril gave a straight line (r = 0.998), as shown in Fig. 2 . A good linear relationship was observed between the inhibitor and the peak area of hippuric acid release (or ACE inhibitory activity of captopril). As described above, the MEKC method was found to be useful for the analysis of hippuric acid liberated by the ACE reaction. In order to compare the results of the conventional method and the MEKC method (developed here), IC50 of captopril was measured by both methods (Table 1) . No significant difference in the ACE inhibitory activity IC50 of captopril was observed between the conventional method (0.085 ± 0.016 µg/ml) and MEKC method (0.092 ± 0.020 µg/ml).
We reported 13, 14 on the antihypertensive effect of autolyzedmushrooms on spontaneously hypertensive rats (SHR) in 2002. These phenomena suggested that the hypotensive action of autolyzed-mushrooms was due to concomitant ACE inhibitory activities of peptides and γ-aminobutyric acid etc. As shown in Table 2 , IC50 values of the both autolyzed-AG (Agaricus blazei) mushroom and autolyzed-LE (Lentinus edodes) mushroom were measured by both the conventional method and MEKC method. Further, no significant difference in ACE inhibitory activity (IC50) was observed between the conventional method (autolyzed-AG: 1930.8 ± 255.2 µg/ml, autolyzed-LE: 487.6 ± 110.2 µg/ml) and MEKC method (autolyzed-AG: 2094.6 ± 231.5 µg/ml, autolyzed-LE: 530.4 ± 129.3 µg/ml). In these experiments with mushrooms, although many peaks appeared in the MEKC electropherogram (results not shown) after a 5 min run, they did not interfere at all with the separation and detection of hippuric acid. It is to be noted here that the conventional method required the extraction of hippuric acid with ethyl acetate and its evaporation, which are time consuming, but still has a chance of containing impurities with the UV light absorption capacity. On the contrary, although MEKC did not require any pretreatment of the sample, it could very specifically separate and detect hippuric acid from the 
